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Abstract
We present a solution of LRS Bianchi type-II space-time with string viscous fluid and
magnetic field by solving the Barber’s field equations of self-creation theory of gravitation
and it is seen that Barber scalar function 𝜙 affects the other physical parameters of the model
and contributes a very high matter density, with high particle density at early stage of the
universe and also it contributes the negative role of bulk viscous fluid in the evolution. Other
geometrical and physical aspects of the model are also studied.

Keywords: Bianchi type-II; self-creation gravitational theory; electromagnetic fields;
cosmology; hyperbolic geometric; isotropize; geometry
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1. Introduction
General Relativity (GR) is modified by incorporating dark effects in two ways. The first
category is that in which some exotic matter components are added in the energy-momentum
tensor part of the action like the cosmological constant or quintessence field etc., while the
second category is such that the whole gravitational action of GR is modified by including
some dark energy source terms like extra order quantities of the Ricci scalar, such as
𝑓(𝑅), 𝑓(𝑅, 𝑇), 𝑓(𝐺) gravity etc. In 𝑓(𝑅) gravity, there has been several interesting dark
energy as well as dark matter models that can be used to explore cosmological models. For
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example, quadratic Ricci corrections can be used to discuss dynamics of inflationary universe
[Sharif and Yousaf (2014)], inverse Ricci scalar invariant corrections may be used to discuss
late time cosmic acceleration; see for instance, [Sharif and Yousaf (2014)]. There is a cubic
three parametric 𝑓(𝑅) corrections [Sharif and Yousaf (2015)], whose results are viable with
lambda CDM model. It is interesting to notice that polynomial 𝑓(𝑅) model can also be used
to discuss inflationary universe [Sharif and Yousaf (2014)]. The late time acceleration as well
as inflationary universe can be well discussed through generalized CDTT model [Sharif and
Yousaf (2014)].
To expose the universe and to know more and more about it is one of the great issue of
science and therefore we are taking-up and formulating the various models of the universe by
involving various constraints on physical parameters like pressure, density, electromagnetic
field etc. in our research. This is the motivation of this work to expose the universe by
considering Bianchi type-II model with string bulk viscous fluid and with magnetic field.
Mach’s principle is not substantially accommodated i.e., inertial properties of matter is not
taken satisfactorily into consideration in Einstein’s (1915) GR and therefore there have been
many interesting attempts to generalize GR by incorporating the Mach’s principle and other
desired features. One of them is Barber’s (1982) second self-creation theory of gravitation,
developed by coupling the scalar field 𝜙(𝑡) with trace of energy momentum tensor 𝑇𝑖𝑗 in
order to accommodate the Mach’s principle substantially by the theory. This theory is also
called self-creation cosmology (SCC). Thus, Barber (1982) modified the Einstein field
equations by attaching the scalar field 𝜙(𝑡) with the trace of energy momentum tensor 𝑇𝑖𝑗 as
1

𝐺𝑖𝑗 = 𝑅𝑖𝑗 − 2 𝑅𝑔𝑖𝑗 = −

8𝜋𝑇𝑖𝑗
𝜙

,

(1)

and the scalar field 𝜙 satisfies the equation
8

□𝜙 = 3 𝜋𝜆1 𝑇 .

(2)

𝑘
Here and hereafter, □ stands for the invariant d’Alembertian in curved manifold, □𝜙 = 𝜙|𝑘
,
the vertical stroke ( | ) stands for covariant derivatives, 𝜙 is the Barber scalar function of 𝑡
1
and = 𝐺, in GR, 𝑇𝑖𝑗 is the stress energy momentum tensor, 𝐺𝑖𝑗 is an Einstein tensor, 𝜆1 is
𝜙

the coupling constant and 0 ≤ |𝜆1 | ≤ 10−1 and this restricted value of 𝜆1 is justified by the
measurement of deflection of light.
The most famous scalar-tensor theory of gravitation is Brans-Dicke theory of gravitation. The
Barber’s field Equations (1) and (2) are different from Brans-Dicke field equations
1

𝐺𝑖𝑗 = −8𝜋𝜙 −1 𝑇𝑖𝑗 − 𝜔𝜙 −2 (𝜙,𝑖 𝜙,𝑗 − 2 𝑔𝑖𝑗 𝜙,𝑘 𝜙 ,𝑘 ),
and
,𝑘
□𝜙 = 𝜙|𝑘
=

8𝜋𝜙−1 𝑇
(3+2𝜔)

,
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in the sense that, the scalar field 𝜙(𝑡) attached with energy-momentum tensor 𝑇𝑖𝑗 in Barber’s
field equations whereas this scalar field 𝜙(𝑡) is attached with both the energy-momentum
tensor 𝑇𝑖𝑗 and metric potential 𝑔𝑖𝑗 in Brans-Dicke field equations. The second difference
between these two theories is that when coupling constant tends to zero then Barber’s field
equations approach Einstein’s field equations, whereas Brans-Dicke field equations approach
Einstein’s field equations when coupling constant tends to infinity. These are the differences
taking into consideration while studying Barber theory and Brans-Dicke theory.
In GR, the concept of Mach’s principle and local conservation of energy are not fully
included and they been considered independently whereas these two concepts are considered
together in Barber’s second self-creation theory of gravitation OR in self-creation cosmology
(SCC), which may resolve the confusing and difficult problems like the dark energy problem,
the lambda problem, accelerating cosmological expansion, the anomalous Pioneer spacecraft
acceleration, a spin-up of the Earth and an apparent variation of G observed from analysis of
the evolution of planetary longitudes. This SCC is equivalent to GR in a vacuum with the
consequence that the predictions of the theory are identical with GR in the standard solar
system experiments. The model in SCC expands linearly in the framework of Einstein GR
and they are static in Jordan frame. This SCC determine the total energy parameter to be one
third and the cold dark matter density parameter to be two ninths, and yet in the Jordan frame
the universe is similar to Einstein’s original static cylindrical model and spatially flat.
Therefore, there is no need for a ‘Dark Energy’ hypothesis. Also there is no lambda problem,
as the field equations determine the false vacuum energy density to be specific and feasibly
small (Barber 2005).
Barber’s (1982) theory is a variable G-theory and predicts local effects, which are within the
observational limits. In it, the Newtonian gravitational parameter G is not a constant but a
function of time parameter 𝑡. Also, the scalar field 𝜙 does not gravitate directly but simply
divides the matter tensor acting as a reciprocal gravitational constant, which is not the case in
Einstein’s GR. This theory is capable of veriﬁcation or falsiﬁcation. It can be done by
observing the behavior of both bodies of degenerate matter and photons. An observation of
anomalous precessions in the orbits of pulsars about central masses and an accurate
determination of the deﬂection of light and radio waves passing close to the sun would verify
or falsify such theory and determine λ. The theory predicts the same precession of the
perihelia of the planets as general relativity and in that respect agrees with observation to
within 1%.
The geometry of the universe is determined by the matter distribution contained in the
universe. The matter means any type of quantity contains perfect fluid, viscous fluid,
electromagnetic field etc. and it is represented by energy-momentum tensor. The energymomentum tensor of a cloud of a string with viscous fluid and electromagnetic field is
playing the important role in the evolution of the universe. Cosmic string played a significant
role during an early stage of the evolution of the universe and gave rise to density
perturbation which led to formation of galaxies (Zel’dovich, 1980). This cosmic string has
stress energy and coupled to the gravitational field. Therefore, it is interesting to study the
gravitational effect which arises from string. Also, cosmological models of a fluid with
viscosity plays a significant role in the evolution of the universe. In the formation of galaxies
and clusters in the universe, the matter distribution is satisfactorily described by a perfect
fluid. However, when neutrino decoupling occurs, then the matters behave like a viscous
fluid at early stage of the universe (Misner, 1968). The magnetic field is present in the
galactic and intergalactic spaces and plays a significant role at the cosmological scale. Melvin
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(1975) suggested that during the evolution of the universe, the matter was in highly ionized
state and again this matter is smoothly coupled with the magnetic field and forms neutral
matter as a result of universe expansion and therefore the presence of magnetic field in the
universe is not unrealistic. Taking into consideration all this fact, it is important to consider
an energy-momentum tensor of a cloud of a string with viscous fluid and electromagnetic
field.
Right from Barber (1982), following researchers studied the theory and developed the models
of the universe and investigated geometrical and physical aspects of the universe in this SCC
theory. Pimental (1985) and Soleng (1987) have presented the Robertson Walker solutions in
self-creation theory of gravitation by using power law relation between the expansion factor
of the universe and the scalar field. Reddy and Venkateswarlu (1989) have obtained spatially
homogeneous and anisotropic Bianchi type-VI0 cosmological models in Barber’s selfcreation theory of gravitation both in vacuum and in the presence of perfect fluid with
pressure equal to energy density. Venkateswarlu and Reddy (1990) have also got spatially
homogeneous and anisotropic Bianchi type-I cosmological macro models when the source of
gravitational ﬁeld is a perfect ﬂuid. Bianchi type-II and III models in self-creation cosmology
have been deduced by Shanti and Rao (1991), Rao and Raju (1992) have discussed Bianchi
type VIII and IX models in zero mass scalar fields and self-creation cosmology. Shri Ram
and Sigh (1997) have obtained spatially homogeneous and isotropic R-W model of the
universe in the presence of perfect ﬂuid by using ‘gamma law’ equation of state. Recently,
Panigrahi and Sahu (2003), Pradhan and Pandey (2004), Reddy (2006), Reddy et al. (2006),
Venkateswarlu et al. (2008), Rao et al. (2008), Rao and Vinutha (2010), Rathore and
Mandawat (2010), Borkar and Ashtankar (2011), Katore et al. (2011), Borkar and Ashtankar
(2013) have deduced the plane and axially symmetric cosmological models and Bianchi typeI, II, VIII and IX string cosmological models in second self-creation theory of gravitation and
they studied the geometrical and physical aspects of the models.
On a large scale structure the universe is homogeneous and isotropic in nature and Bianchi
type models are generally nonhomogeneous and anisotropic. No one knows that the universe
has particular and definite type of nature and therefore cosmologist have been exposing the
universe right from many decades ago, by assuming an isotropic as well as anisotropic
models in their research in order to get different types of secrets of the nature. Anisotropic
cosmological models are studied in recent time with the advent of more precious data from
measurement of cosmic microwave background (CMB) temperature anisotropy. Thus, the
studies of anisotropic Bianchi models are important. In this note, we have taken-up the study
of the locally rotationally symmetric (LRS) Bianchi type-II anisotropic model with string
bulk viscous fluid along with magnetic field and have evaluated the important features of the
model. It is realized that the Barber scalar function 𝜙 affects the behavior of physical
parameters and contributes a very high density matter, with high particle density at the early
stage of the universe and also it contributes the negative role of bulk viscous fluid in the
evolution. Our results are generalizations, and match the results of Tyagi et al. (2011), in
particular for the constant scalar function, 𝜙.

2. The Metric and Field Equations
We consider the Bianchi type-II space-time in the form
𝑑𝑠 2 = −𝑑𝑡 2 + 𝐴2 (𝑑𝑥 2 + 𝑑𝑧 2 ) + 𝐵 2 (𝑑𝑦 − 𝑥𝑑𝑧)2 ,
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where (𝑥, 𝑦, 𝑧) are space coordinates, 𝑡 is time coordinate, and 𝐴 and 𝐵 are functions of 𝑡
alone.
𝑗

The energy-momentum tensor 𝑇𝑖 for a cloud of strings with bulk viscous fluid and
𝑗
electromagnetic field 𝐸𝑖 is given by
𝑗

𝑗

𝑗

𝑇𝑖 = 𝜌 𝑣𝑖 𝑣 𝑗 − 𝜆 𝑥𝑖 𝑥 𝑗 − 𝜉 𝑣|𝑙𝑙 (𝑔𝑖 + 𝑣𝑖 𝑣 𝑗 ) + 𝐸𝑖 .

(4)

Here, 𝑣 𝑖 is the four velocity vectors and 𝑥 𝑖 is the displacement vector and they satisfy the
conditions
𝑣𝑖 𝑣 𝑖 = −1 = − 𝑥𝑖 𝑥 𝑖 ,

(5)

𝑣 𝑖 𝑥𝑖 = 0,

(6)
𝑗

and the electromagnetic field 𝐸𝑖 [Lichnerowicz (1967)] is given by
1

𝑗

𝑗

𝐸𝑖 = 𝜇̅ [|ℎ|2 (𝑣𝑖 𝑣 𝑗 + 2 𝑔𝑖 ) − ℎ𝑖 ℎ 𝑗 ].

(7)

The magnetic flux vector is given by
−𝑔

ℎ𝑖 = √2𝑏 𝜖𝑖𝑗𝑘𝑙 𝐹 𝑘𝑙 𝑣 𝑗 ,

(8)

where 𝜇̅ is the magnetic permeability, 𝐹 𝑘𝑙 is the electromagnetic field tensor, 𝜖𝑖𝑗𝑘𝑙 is the
Levi-Civita tensor, 𝜉 is the coefficient of bulk viscosity, 𝜌 is the proper density of a cloud
strings. We are considering the string phases in our model and therefore its string tension
density 𝜆 is appearing in the literature. Further, we loaded the particles on the string with
density 𝜌𝑝 and therefore the proper density 𝜌 of a cloud string is to be related with string
tension density 𝜆 and particle density 𝜌𝑝 in the relation
𝜌 = 𝜌𝑝 + 𝜆.

(9)

The scalar expansion 𝜃 is defined as 𝑣|𝑙𝑙 and it has value
𝜃=

2 𝐴4
𝐴

+

𝐵4
𝐵

.

(10)

In a co-moving coordinate system, we assume
1

𝑣 𝑖 = (0, 0, 0, 1) , 𝑥 𝑖 = (𝐴 , 0, 0, 0).
The components of electromagnetic field 𝐹 𝑘𝑙 appeared in the literature, due to the
assumption of electric current produced along x-axis and the magnetic field is in y-z plane.
The surviving component of 𝐹𝑖𝑗 is 𝐹23 only and 𝐹14 = 𝐹24 = 𝐹34 = 0 due to assumption of
infinite electrical conductivity. We have, ℎ1 ≠ 0, ℎ2 = ℎ3 = ℎ4 = 0.
Maxwell’s equations
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𝐹𝑖𝑗|𝑘 + 𝐹𝑗𝑘|𝑖 + 𝐹𝑘𝑖|𝑗 = 0,

(11)

and
𝐹

𝑖𝑗
|𝑗

= 0,

(12)

are satisfied by
𝐹23 = 𝐻 (constant).

(13)

Equation (8) leads to
𝐻

ℎ1 = 𝜇̅𝐵 .

(14)
𝑗

Using the above Equation (14), from Equation (7), we have calculated the components of 𝐸𝑖
as
−𝐻 2

𝐸11 = 2𝜇̅𝐴2𝐵2 = −𝐸22 = −𝐸33 = −𝐸44 .

(15)
𝑗

We write the components of energy momentum tensor 𝑇𝑖 from Equation (4) (using Equation
(15)) as
𝑇11 = − (𝜆 + 𝜉𝜃 +

𝐻2
),
̅ 𝐴2 𝐵2
2𝜇

𝑇22 = 𝑇33 = −𝜉𝜃 +

𝐻2
̅ 𝐴2 𝐵2
2𝜇

,

𝑇44 = −𝜌 −

𝐻2
.
̅ 𝐴2 𝐵2
2𝜇

(16)

The Barber’s field Equations (1) and (2), for the metric (3) with the components of energy
momentum tensor from the Equations (16), take the form
𝐴44
𝐴

2

+

𝐴44
𝐴

𝐴44
𝐴
𝐴4 2
𝐴2

𝐵44
𝐵

+

+

𝐴4 2
𝐴2

𝐵44
𝐵

+2

+

+

𝐴4 𝐵4
𝐴𝐵

𝐵2

𝐻2

+ 4𝐴4 = [𝜆 + 𝜉𝜃 + 2𝜇̅𝐴2𝐵2 ] 8𝜋𝜙 −1 ,

3𝐵2

𝐻2

− 4𝐴4 = [𝜉𝜃 − 2𝜇̅𝐴2 𝐵2 ] 8𝜋𝜙 −1 ,
𝐴4 𝐵4
𝐴𝐵

𝐴4 𝐵4
𝐴𝐵

𝜙44 + 𝜙4 [2

𝐵2

(18)

𝐻2

+ 4𝐴4 = [𝜉𝜃 − 2𝜇̅𝐴2 𝐵2] 8𝜋𝜙 −1,

𝐵2

𝐻2

− 4𝐴4 = [𝜌 + 2𝜇̅𝐴2 𝐵2 ] 8𝜋𝜙 −1 ,
𝐴4
𝐴

+

𝐵4
𝐵

(17)

(19)
(20)

] = 𝑑1 (𝜆 + 3𝜉𝜃 + 𝜌),

(21)

where 𝐴 and 𝐵 are scale factors and
𝑑1 =

8𝜋𝜆1
3

, 𝐴4 =

𝜕𝐴

, 𝐵4 =
𝜕𝑡

𝜕𝐵

, 𝐴44 =
𝜕𝑡

𝜕2 𝐴
𝜕𝑡 2

etc.

3. Solution of the Field Equations
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We are trying to find the solutions of a set of five differential Equations (17-21) and
interpreting them with the barber scalar function, 𝜙. These five differential Equations (17-21)
are in six unknowns 𝐴, 𝐵, 𝜌, 𝜆, 𝜉, and 𝜙. In order to have a solution, we must assume one extra
condition that shear 𝜎 is proportional to the scalar expansion 𝜃, [Collins et al. (1980) , Bali
(1986)]. The motive behind assuming this condition is explained as follows:
Referring to Thorne (1967), the observations of velocity-redshift relation for extra-galactic
sources suggest that the Hubble expansion of the universe is isotropic to within 30%
(Kantowski and Sachs (1966) and Kristian and Sachs (1966)). More precisely, the redshift
𝜎
studies place the limit ≤ 0.30, where 𝜎 is shear and 𝐻 is Hubble constant. Collins et al.
𝐻
(1980) have pointed out that for spatially homogeneous metric, the normal congruence to the
𝜎

homogeneous hypersurface satisfies the condition 𝜃 =constant. The condition

𝜎11
𝜃

=constant

leads to 𝐵 = 𝑙𝐴𝑛 , when the tilt angle is zero. Here, 𝜎11 is the eigenvalue of shear tensor 𝜎𝑗𝑖 .
This condition leads to the relation between the metric potential 𝐴 and 𝐵 as
𝐵 = 𝑙𝐴𝑛 ,

(22)

where 𝑙 ≥ 1 and 𝑛 ≠ 1 are constants.
From Equations (18) and (19), we have
𝐴44 + (1 + 𝑛)

𝐴4 2
𝐴

𝑙2

= (1−𝑛) 𝐴2𝑛−3 .

(23)

𝑑𝜂

We denote 𝐴4 = 𝜂 then 𝐴44 = 𝐴4 𝑑𝐴 and Equation (23) can be reduced to the first order
differential equation as
𝑑𝜂

𝜂 𝑑𝐴 + (1 + 𝑛)

𝜂2
𝐴

𝑙2

= (1−𝑛) 𝐴2𝑛−3,

which is a Bernoulli equation and its solution is
𝐴𝑛+1
1

[𝑐1 +𝑐2 𝐴4𝑛 ]2

𝑑𝐴 = 𝑑𝑡,

(24)
𝑙2

where 𝑐1 is the constant of integration and 𝑐2 = 2𝑛(1−𝑛) , a constant.
Equation (24) is very difficult to integrate and therefore for simplicity, we are assuming the
1
particular value of constants, 𝑐1 = 0, 𝑙 = 1, 𝑛 = 2 and 𝑐2 = 2 to solve Equation (24). With
these particular values, the differential Equation (24) has the solution
√2 3
𝐴2
3

= 𝑡 + 𝑐3,

where 𝑐3 is the constant of integration taken to be zero. So that, we have,
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3𝑡 3

𝐴=( ) .

(25)

√2

Using Equation (25) in Equation (22), we write
1

3𝑡 3

𝐵=( ) .

(26)

√2

Thus, the solutions of Barber’s field equations for Bianchi type-II metric with string bulk
viscous fluid and with magnetic field are given by Equation (25) and (26) and the required
metric is
4

2

3𝑡 3

2

𝑑𝑠 = −𝑑𝑡 + ( )
√2

2

(𝑑𝑥 2

+ 𝑑𝑧

2)

3𝑡 3

+ ( ) (𝑑𝑦 − 𝑥𝑑𝑧)2 .
√2

(27)

4. Geometrical and Physical Significance
Using the values of 𝐴 and 𝐵 from Equations (25) and (26) in Equations (18) and (20), we
obtained
8𝜋𝜙 −1 𝜉𝜃 =

8𝜋𝐻 2

1

̅𝑡2
9𝜇

𝜙 −1 − 6𝑡 2 ,

5

8𝜋𝐻 2

(28)

and
8𝜋𝜙 −1 𝜌 = 6𝑡 2 −

̅𝑡2
9𝜇

𝜙 −1,

(29)

respectively. Using Equations (25), (26) and (28), from Equation (17), we have calculated the
string tension density 𝜆 as
𝜆=

−2𝐻 2
̅𝑡2
9𝜇

.

(30)

The expansion 𝜃 is given by Equation (10) and it has value
5

𝜃 = 3𝑡 .

(31)

Using Equation (31) in Equation (28), we obtained
𝐻2

1

𝜉 = (15 𝜇̅ 𝑡 − 80 𝜋 𝑡 𝜙).

(32)

Using Equations (28)-(30), we write the Equation (21) for 𝜙 as
5

𝑡 2 𝜙44 + 3 𝑡 𝜙4 = 𝛼 𝜙,
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𝜋𝜆

where 𝛼 = 9 1 is constant. After solving the above differential Equation (33), we arrived at
its zero particular integral and its complementary function (C. F.) is given by
(𝐷1 𝑡 𝑚1 + 𝐷2 𝑡 𝑚2 ).
So that the solution of above differential Equation (33) will be
𝜙 = 𝐷1 𝑡 𝑚1 + 𝐷2 𝑡 𝑚2 .

(34)

We write
𝜙 = 𝜙1 + 𝜙2 ,

(35)

where,
𝜙1 = 𝐷1 𝑡 𝑚1 ,

(36)

𝜙2 = 𝐷2 𝑡 𝑚2 ,

(37)

and

in which
1

𝑚1 = 3 (−1 + √1 + 𝜋𝜆1 ) and

1

𝑚2 = 3 (−1 − √1 + 𝜋𝜆1 ) ,

(38)

and 𝐷1 , 𝐷2 are constants.
Both the scalar function 𝜙1 and 𝜙2 describe the behavior of scalar function 𝜙. Initially, at
𝑡 = 0, we have 𝜙1 = 0 and 𝜙2 = 0 and then the scalar function 𝜙1 is growing, while 𝜙2 is
decaying, when 𝑡 increases, for the coupling constant 𝜆1 > 0. Both the scalar field 𝜙1 and
𝜙2 are imaginary for the coupling constant 𝜆1 < 0.
When coupling constant 𝜆1 → 0 then the scalar function 𝜙1 approaches a constant value
whereas the scalar function 𝜙2 is a variable of time 𝑡. In order to match with Einstein general
relativity, the scalar function 𝜙 should be constant, when 𝜆1 → 0. Hence we are neglecting
the time variable function of 𝑡 in our further discussion. Therefore Equation (35) leads to
𝜙 = 𝜙1 = 𝑡 𝑚1 , with 𝐷1 = 1.

(39)

The scalar function 𝜙 is an increasing function of time 𝑡 and affects the behavior of physical
parameters in the model.
The spatial volume 𝑉 of the model is given by
5

3

2

3𝑡 3

𝑉= 𝑅 =𝐴 𝐵=[ ] .
√2

(40)

The scale factors 𝐴, 𝐵 and volume 𝑉 are increasing functions of time, 𝑡. Initially, when 𝑡 → 0,
the scale factors 𝐴, 𝐵 and volume 𝑉 attain zero value and finally, when 𝑡 → ∞, they attain
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infinite values. This shows that the model starts evolving with zero volume and zero scale
factor and expanding with infinite volume at final stage.
We have calculated the energy density 𝜌, from Equation (29) as
5 𝑡 𝑚1

𝜌 = ( 48 𝜋 𝑡 2 −

𝐻2
̅
9𝜇

𝑡2

) = (

5
48 𝜋 𝑡 2

𝜙 −

𝐻2
̅ 𝑡2
9𝜇

).

(41)

Lambda-CDM is an abbreviation for Lambda - Cold Dark Matter. It is frequently referred to
as the standard model of big bang cosmology, since it attempts to explain the existence and
structure of the cosmic microwave background, the large scale structure of galaxy clusters
and distribution of hydrogen, helium, oxygen and also the accelerating expansion of the
universe observed in light from distant galaxies and supernovae. It is the simplest model that
is in general agreement with observed phenomena. The energy density 𝜌 in our model is a
function of time, 𝑡. It attained a very large value in the beginning of the big-bang cosmology
and it is continuously decreasing, with increased time t and approaches zero at the final stage.
Thus, the evolution of the energy density of the universe according to the model represents
the same time proportionality as in lambda CDM model of big bang cosmology.
Using this value (Equation (41)) of energy density 𝜌 and the value of 𝜆 from Equation (30),
Equation (9) yields the particle density 𝜌𝑝 as
5 𝑡 𝑚1

𝜌𝑝 = ( 48 𝜋 𝑡 2 +

𝐻2

𝐻2

5

) = ( 48 𝜋 𝑡 2 𝜙 +
̅ 𝑡2
9𝜇

̅ 𝑡2
9𝜇

).

(42)

The conservation (local) of energy momentum tensor and Mach’s principle are not fully
accommodated in general relativity and therefore they are taken into consideration together in
Barber self-creation theory of gravitation by attaching the scalar function 𝜙 with 𝑇𝑖𝑗 and
hence we are evaluating the model in view of the physical significance of scalar function 𝜙 in
other physical parameters.
The energy density 𝜌 is a function of time, 𝑡. Initially, when 𝑡 → 0, it attains a very large
value and it is decreasing continuously with increasing time 𝑡 and reaches to zero, when
𝑡 → ∞. We observed the similar nature of particle density 𝜌𝑝 as that of energy density 𝜌 in
the model. In these physical parameters 𝜌 and 𝜌𝑝 , the barber scalar function 𝜙 is playing the
important role and affect the behavior of these parameters 𝜌 and 𝜌𝑝 . Due to its presence, both
𝜌 and 𝜌𝑝 attain very very large values, i.e., they diverges to infinity at initial stage and the
models occupied a very highly compact matter. Our results go over the results of Atul Tyagi
et al. (2011), in regards to energy density and particle density, and in particular for constant
𝜙. Thus, the scalar function 𝜙 contributes highly compact matter in early universe. One can
relate the scalar function 𝜙 with magnetic field and matter density as 𝜌 ≥ 0 if
and when

𝐻2
̅
𝜇

>

15
16𝜋

𝜙 then 𝜌 < 0. Thus, the model exists if

existence of the model is shown for

𝐻2

https://digitalcommons.pvamu.edu/aam/vol11/iss1/13

̅
𝜇

>

15
16𝜋

𝐻2
̅
𝜇

≤

15
16𝜋

𝜙

𝐻2
̅
𝜇

≤

15
16𝜋

𝜙

and the non-

𝜙.
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Equation (30) shows the nature of the string tension density 𝜆 which appeared with negative
value. This shows that the string phases in the universe switched-off or disappeared without
affecting the time factor (see Latelier (1983)).
Using the expression of 𝜃, from Equation (10) and 𝜙 from Equation (39), from Equation
(28), we have calculated the coefficient of bulk viscosity 𝜉 as
𝐻2

𝑡 𝑚1

𝐻2

𝜙

𝜉 = ( 15 𝜇̅ 𝑡 − 80 𝜋 𝑡 ) = ( 15 𝜇̅ 𝑡 − 80 𝜋 𝑡 ),

(43)

and shear 𝜎 have the value
1

𝜎 = 3√3 𝑡 .

(44)

The role of barber scalar function 𝜙 appeared in the coefficient of bulk viscosity 𝜉. Initially,
when 𝑡 → 0, 𝜉 → −∞. Thus, 𝜉 is always negative; its value lies in forth quadrant. Due to the
presence of barber scalar function 𝜙, the coefficient of bulk viscosity appeared with negative
value for the whole range of time 𝑡 and therefore there is no role of viscous fluid in the
model. Thus, the barber scalar function 𝜙 contributes the negative role of viscous fluid or
abolished the viscosity. Further, it is seen that, when 𝜙 <

16 𝜋𝐻 2
̅
3𝜇

, then the coefficient of bulk
16𝜋𝐻 2

viscosity 𝜉 is positive. Thus, the Barber scalar function 𝜙 with value less than (
to viscous fluid model and 𝜙 ≥

16𝜋𝐻 2
̅
3𝜇

̅
3𝜇

) leads

gives rise to non-viscous fluid model.

The scalar expansion 𝜃 is a decreasing function of time, 𝑡. It attains a very large value in the
beginning and a small value in the end of the model. Thus, the model starts evolving with
highest expansion and expansion the continuously decreases and approaches zero at the end
and is not affected by scalar function 𝜙. With regard to the nature of shear 𝜎, we can put the
similar argument as that of scalar expansion 𝜃 that, it attains the highest value in the
𝜎
beginning and very small value in the end. The ratio 𝜃 ≠ 0, as 𝑡 → ∞ shows an anisotropive
model.
We summarized our results with the results of Tyagi et al. (2011) and realized that our results
are generalizations and Barber’s scalar function 𝜙(𝑡) contributes the very high density matter
with highest particle density and negative role of bulk viscosity in early universe.

5. Conclusion
1. We have presented the solution of LRS Bianchi type-II space-time with string viscous
fluid and magnetic field by solving the field equations of Barber’s self-creation theory of
gravitation and it is observed that our results are the generalization of Tyagi et al. (2011)
in regards to energy density 𝜌, particle density 𝜌𝑝 and coefficient of bulk viscosity 𝜉, that
the universe occupied a very high density matter, with high particle density and with
negative role of bulk viscosity in early stage.
2. The scale factors 𝐴, 𝐵 and volume 𝑉 are increasing functions of time, 𝑡. Initially, when
𝑡 → 0, the scale factors 𝐴, 𝐵 and volume 𝑉 attain zero value and finally when 𝑡 → ∞,
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they attain infinite value. This shows that the model starts evolving with zero volume and
zero scale factor and expanding with infinite volume at the final stage.
3. The barber scalar function 𝜙 affects the behavior of physical parameters. Also, the
energy density 𝜌, and particle density 𝜌𝑝 occupied the highest values at the initial stage
of the model. This shows that the barber scalar function 𝜙 contributes a very high density
matter with high particle density in early universe.
4. Positive string tension density 𝜆 reflects the existence of string phases in the universe. In
our model, string tension density 𝜆 always appeared with negative value. The scalar
function 𝜙 does not affect the behavior of string tension density 𝜆 . Because of the
negative value of string tension density 𝜆 we would like to say that the string phases
switched off or disappeared.
5. The coefficient of bulk viscosity is always negative due to the presence of scalar function
𝜙, but the value of 𝜙 (<

16𝜋𝐻 2
̅
3𝜇

) can lead viscosity in the model.

6. The scalar expansion 𝜃 in the model is found to be inversely proportional to cosmic time
𝑡 in the evolution. This suggested that when 𝑡 → 0, 𝜃 admits a very high range and when
𝑡 → ∞, 𝜃 goes to zero. Thus, our model starts evolving with high range of expansion; it
is continuously decreasing and approaches zero at later stage. We would like to mention
here that this cosmic expansion would be in conflict with observation but the universe
has mysterious nature and no one can exactly observe the exact nature and therefore
there may be chance to such type of nature.
7. The shear 𝜎 in the model behave in a similar way as that of expansion and the model
starts with highest shear and ends with shear less.
𝜎

8. The ratio 𝜃 ≠ 0, when 𝑡 → ∞ shows that the model does not isopropize.
We have evaluated LRS Bianchi type-II space-time with string viscous fluid and magnetic
field by solving the Barber’s field equations of self-creation theory of gravitation. It is
realized that the Barber scalar function 𝜙 affects the behavior of physical parameters and
contributes a very high density matter with high particle density at early stage of the universe
and also it contributes the negative role of bulk viscous fluid in the evolution. Our results are
generalizations and matched the results of Tyagi et al. (2011), in particular for constant scalar
function 𝜙.
This work can be extended further for spherical, cylindrical, planer space-time as well as
restricted class of axial a stellar system in our future plan.

Acknowledgement
The authors are very much grateful to UGC, New Delhi for supporting financial assistance
under Major Research Project for this work. We are also very much thankful to the
Reviewers for supplying valuable comments to improve this manuscript.

https://digitalcommons.pvamu.edu/aam/vol11/iss1/13

12

Borkar and Ashtankar: LRS Bianchi Type-II Cosmological Model with String Bulk
AAM: Intern. J., Vol. 11, Issue 1 (June 2016)

227

REFERENCES
Bali, R. (1986). Magnetized cosmological model, International Journal of Theoretical
Physics, Vol. 25, No. 7, pp. 755-761.
Barber, G. A. (1982). On Two self-creation cosmology, General Relativity and Gravitation,
Vol. 14, pp. 117- 136.
Barber, G. A. (2005). The Principle of Self-Creation Cosmology and its Comparison with
General Relativity, arXiv:gr-qc/0212111v8.
Borkar, M. S. and Ashtankar, N. K. (2011). Plane Symmetric Viscous Fluid Cosmological
Model
with Varying Λ-Term in Self-Creation Theory of Gravitation, Tensor N. S.,
Vol. 73, pp. 228.
Borkar, M. S. and Ashtankar, N. K. (2013). Bianchi Type I Bulk Viscous Barotropic Fluid
Cosmological Model with Varying Λ and Functional Relation on Hubble Parameter in
Self-Creation Theory of Gravitation, American Journal of Modern Physics, Vol. 2, No.
5, pp. 264-269.
Collins, C. B., Glass, E. N. and Wilkinson D. A. (1980). Exact Spatially Homogeneous
Cosmologies, General Relativity and Gravitation, Vol. 12, No. 10, pp. 805-823.
Einstein, A. (1915). Zur Allgemeinen Relativitatstheorie, Preu 𝛽. Akad, Wiss Berlin Sitzber,
Vol. 844, pp. 778.
Kantowski, R. and Sachs, R. K. (1966). Some Spatially Homogeneous Anisotropic
Relativistic Cosmological Models, J. Math. Phys, Vol. 7, pp. 433.
Katore, S.D., Shaikh, A. Y., Sancheti, M. M. and Sarkate, N. K. (2011). Bianchi Type-III
Cosmic Strings and Domain Walls Cosmological Models in Self-Creation Cosmology,
Prespacetime Journal, Vol. 2, pp. 447-461.
Kristian, J. and Sachs, R. K. (1966). Observations in Cosmology, Astrophysical Journal, Vol.
143, pp. 379-399.
Latelier, P. S. (1983). String Cosmologies, Physical Review D, Vol. 28, No. 10, pp. 24142419.
Lichnerowicz, A. (1967). Relativistic Hydrodynamics and Magnetohydrodynamics,
Benjamin, New York, pp. 13.
Melvin, M. A. (1975). Homogeneous Axial Cosmologies with Electromagnetic Fields and
Dust, Annals of the New York Academy of Sciences, Vol. 262, pp. 253.
Misner, C. W. (1968). The Isotropy of Universe, Astrophysics and Space Science, Vol. 151,
pp. 431-458.
Panigrahi, U. K. and Sahu, R.C. (2003). Plane Symmetric Cosmological Micro Model in
Modified Theory of Einstein’s General Relativity, Theoretical and Applied Mechanics,
Vol. 30, pp. 163- 175.
Pimentel, L. O. (1985). Exact Self-Creation Cosmological Solutions, Astrophysics and Space
Science, Vol. 116, pp. 395-399.
Pradhan, A. and Pandey, H. R. (2004). Bulk Viscous Cosmological Models in Barber’s
Second Self-Creation Theory, Indian Journal of Pure and Applied Mathematics, Vol. 35,
pp. 513-523.
Ram, S. and Singh, C. P. (1997). Early Universe in Self-Creation Cosmology, Astrophysics
and Space Science, Vol. 257, pp. 123-129.
Rao, V. U. M. and Sanyasiraju, Y. V. S. S. (1992). Exact Bianchi-Type VIII and IX Models
in the Presence of Zero-Mass Scalar Fields, Astrophysics and Space Science, Vol. 187,
pp. 113-117.

Published by Digital Commons @PVAMU, 2016

13

Applications and Applied Mathematics: An International Journal (AAM), Vol. 11 [2016], Iss. 1, Art. 13
228

M.S. Borkar and N.K. Ashtankar

Rao, V. U. M. Santhi, M. V. and Vinutha, T. (2008). Exact Bianchi Type II, VIII and IX
String Cosmological Models in Saez-Ballester Theory of Gravitation, Astrophysics and
Space Science, Vol. 314, pp. 73-77.
Rao, V. U. M. and Vinutha, T. (2010). Plane Symmetric String Cosmological Models in SelfCreation Theory of Gravitation, Astrophysics and Space Science, Vol. 325, pp. 59-62.
Rathore, G. S. and Mandawat, K. (2010). Five Dimensional Perfect Fluid Cosmological
Models in Barber’s Second Self-Creation Theory, Advances in Studies of Theoretical
Physics, Vol. 4, pp. 213-224.
Reddy, D. R. K. and Venkateswarlu R. (1989). Bianchi Type-VI0 Models in Self-Creation
Cosmology, Astrophysics and Space Science, Vol. 155, pp. 135-139.
Reddy, D. R. K. (2006). Plane Symmetric String Cosmological Models in Self-Creation
Theory of Gravitation, Astrophysics and Space Science, Vol. 305, pp. 139-141.
Reddy, D. R. K., Naidu, R. L. and Rao, V. U. M. (2006). Axially Symmetric Cosmic Strings
in a Scalar Tensor Theory, Astrophysics and Space Science, Vol. 306, pp. 185-188.
Shanti, K. and Rao, V. U. M. (1991). Bianchi Type-II and III Models in SelfCreation Cosmology, Astrophysics and Space Science, Vol. 179, pp. 147-153.
Sharif, M. and Yousaf, Z. (2014). Cylindrical Thin-shell Wormholes in f (R) Gravity,
arXiv:1410.4757.
Sharif, M. and Yousaf, Z (2014) Instability of Dissipative Restricted Non-Static Axial
Collapse with Shear Viscosity in f(R) Gravity, J. Cosmol. Astropart. Phys., Vol. 06, pp.
019.
Sharif, M. and Yousaf, Z (2014). Electromagnetic Field and Dynamical Instability of
Collapse with CDTT Model, Astropart. Phys., Vol 56, pp. 19.
Sharif, M. and Yousaf, Z (2014). Energy density inhomogeneities with polynomial f(R)
cosmology, Astrophysics and Space Science, Vol 352, pp. 321.
Sharif, M. and Yousaf, Z (2014). Energy Density Inhomogeneities in Charged Radiating
Stars with Generalized CDTT Model. Astrophysics and Space Science, vol. 354,
pp.
431.
Sharif, M. and Yousaf, Z (2015). Stability of regular energy density in Palatini f(R) gravity,
Eur. Phys. J. C, Vol. 75, pp. 58.
Soleng, H.H. (1987). Self-Creation Cosmological Solutions, Astrophysics and Space Science,
Vol. 139, pp. 13-19.
Tyagi, A. Sharma, K. (2011). LRS Bianchi Type-II Magnetized String Cosmological Model
with Bulk Viscous Fluid in General Relativity, Chinese Physics Letters, Vol. 8, pp.
089802-1-089802-4.
Thorne, K. S. (1967). Primordial Element Formation, Primordial Magnetic Fields and the
Isotropy of the Universe, Astrophysics and Space Science, Vol. 148, pp. 51
Venkateswarlu, R. and Reddy, D. R. K. (1990). Bianchi Type-I Models In Self -Creation
Theory of Gravitation, Astrophysics and Space Science, Vol. 168, pp. 193-199.
Venkateswarlu, R., Rao, V. U. M. and Kumar, K. P. (2008). String Cosmological Solutions in
Self-Creation Theory of Gravitation, International Journal of Theoretical Physics, Vol.
47, pp. 640-648.
Zel’dovich, Ya.B. (1980). Cosmological Fluctuations Produced Near a Singularity, Mon.
Not. R. Astron. Soc., Vol. 192, pp. 663.

https://digitalcommons.pvamu.edu/aam/vol11/iss1/13

14

